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THE IMPACT OF ACUTE STRESS AND CHILDHOOD TRAUMATIC EVENTS ON

PAIN SENSITIVITY AMONG ADULTS WITH CHRONIC LOW BACK PAIN

GABRIELA COMPTDAER
ABSTRACT

Background and aims: Globally, chronic low back pain (CLBP) affects 70-80% of
adults at some point in their lives and current treatments are widely unsuccessful in
relieving pain. Understanding the underlying neurophysiological (e.g., descending
pain inhibition) and biobehavioral (e.g., stress) processes contributing to chronic
pain in patients with CLBP is needed for the development of novel treatments.
Previous studies have shown that acute stress can impact pain sensitivityand that
childhood trauma may predispose a person to CLBP, but the mechanisms underlying
this impact are unknown. Conditioned Pain Modulation (CPM) is a psychophysical
paradigm used in research to assess descending pain modulatory pathways, which
are thought to be impaired in patients with CLBP as well as in those with childhood
trauma. The overlap of conditions has not been explored. The current study
explored the impact of childhood trauma on the CPM response within a sample of
patients with CLBP being treated at a tertiary pain clinic. CLBP patients exposed to
an acute stress paradigm were expected to shower higher pain sensitivity, with
acute stress significantly interacting with a history of childhood trauma as a factor

leading to the higher pain sensitivity.



Methods: 46 Participants with CLBP (n=46, mean age=49 years, 55.3% female)
recruited from a pain treatment service completed a Quantitative Sensory Testing
(QST) and CPM before and after an acute psychological stressor. Participants were
randomized to a control (n=25) or an acute-stress (n=21) condition. The acute-
stress condition included the Stroop Color Word Task (SCWT) and a mental
arithmetic task prior to completing the QST protocol a second time. The control
participants did not undergo any additional stressors and completed the QST
protocol a second time after a 20-minute break. Participants’ CPM response was
measured by the average change in pressure pain threshold (PPT) from baseline to
the conditioning stimulus (non-dominant hand in ice-water bath). A “Good CPM
response” was defined as a CPM effect above 100, indicating that the pain threshold
increased when exposed to the conditioning stimulus. To examine the impact of
childhood trauma on pain sensitivity, participants completed a Childhood Traumatic
Events Scale (CTES) to assess the presence and severity of six types of trauma
(death, parental upheaval, sexual, violence, illness or injury, other upheaval) during
childhood. The CTES was scored as a continuous variable by calculating the sum the

trauma severity for all six trauma types.

Results: A large majority of the sample (94% of participants) showed an increase in
pain threshold during hand immersion in ice water, which was contrary to our
hypothesis based on prior research done on other chronic pain conditions and

CLBP. Participants exposed to an acute stressor had an impaired CPM effect

Vi



compared to those that were not exposed to an acute stressor, however there was
no difference between groups (p=0.277). A history of childhood traumatic events
did not correlate significantly with an impaired baseline CPM or a change in CPM

effect when exposed to an acute stressor.

Conclusion: The current study used novel QST modalities, including CPM, to
analyze the interaction between acute and chronic stress on pain sensitivity.
Ultimately, this study found that exposure to an acute stressor had a negative effect
on CPV, indicating that when under experimental stress participants were more
sensitive to pain compared to when they were not under stress, although the
findings were not statistically significant. These findings should be further
investigated to expand the understanding of the neurophysiological mechanisms
underlying CLBP and to potentially provide novel treatment modalities for patients

with CLBP.
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INTRODUCTION

Chronic Low Back Pain Definition and Existing Treatments

Chronic low back pain (CLBP) is a highly prevalent condition in the U.S. and affects
70-80% of adults globally at some point in their lives (Becker et al., 2010). CLBP is
one of the leading causes of high healthcare costs in the industrialized world, and
patients who suffer from chronic pain are often prescribed treatments that are not
individualized or evidence-based (Becker et al., 2010), and which often fail to
ameliorate symptoms. There is evidence that individuals suffering from lower back
pain who do not seek medical treatment, do not differ significantly in terms of pain

intensity, compared to those who do seek treatment (Vingard et al., 2002).

The current treatment regimens include use of non-steroidal anti-inflammatory
medication (NSAIDs), opioids, physical therapy, spinal manipulation, acupuncture,
yoga, or other exercise-based therapy programs. The use of NSAIDs are the most
commonly used single class of medications for CLBP, and although effective in
alleviating pain, NSAIDs harbor the potential for common gastrointestinal and
cardiovascular side effects (Patrick et al., 2014). Long-term opioid use appears to be
safe for treatment of CLBP, however, research has shown that there is only modest
improvement in both function and pain in these patients, and with long-term
medication use these patients are at risk for central nervous system (CNS)

depression and development of tolerance. Alternative therapies such as



acupuncture, lack conclusive scientific evidence supporting their efficacy in the
treatment of CLBP (Furlan et al., 2005), and therefore cannot be accurately
evaluated. Despite this, there is evidence that patients who pursue these alternative
therapy options experience symptom relief, at least to some extent (Patrick et al.,
2014). With limited options for CLBP treatment, and despite many advances in

medicine, clinician’s ability to diagnose and treat CLBP remains a challenge.

The etiology in most cases (up to 85%) of CLBP is unknown or nonspecific (Vingard
et al.,, 2002), and CLBP is often multifactorial, and therefore treatment options are
currently poor. Moreover, there is a lack of consideration for the CNS involvement in
current CLBP treatment. The emerging recognition of the neurophysiological
processes underlying CLBP, however, is leading to new and hopefully better

treatments.

Neurophysiological Processes Underlying CLBP

Central Sensitization (CS) has recently been recognized as a potential
pathophysiological mechanism underlying several chronic pain disorders, including
CLBP (Sanzarello et al., 2016), and it provides physicians with a disease framework
that patients can understand. CS has been defined as an amplification of the neural
signaling within the CNS that elicits pain hypersensitivity, and CS pain results from

the dysfunction of neurophysiological processes that occur in one or more



components of the CNS. The current understanding of CS is that prolonged
nociceptive input leads to alteration of the morphology of anterograde projection
areas in the CNS, which causes them to become hyper alert when there is high risk
of further damage. So essentially, pain becomes the result of neuronal changes in the
CNS, rather than being elicited by the presence of real noxious stimuli on peripheral

nociceptors.

There are several studies that show evidence of CS in patients with CLBP. Giesecke
et al,, specifically, conducted a study with fMRI to investigate hypersensitivity in
idiopathic CLBP patients (Giesecke et al., 2004 ). This study revealed altered central
pain processing by showing evidence that CLBP patients experienced significantly
more pain at equal levels or pressure compared to healthy controls, and showed
that the CLBP patients had more extensive activation in pain-related cortical areas
in functional magnetic resonance imaging (fMRI) (Giesecke et al., 2004). Moreover,
patients with CLBP have also been shown to experience generalized deep-tissue
hyperalgesia when exposed to mechanical pressure (O’Neill et al., 2007),
experiencing decreased pressure pain threshold, higher pain response, and longer
duration of pain following saline injections. Several researchers have evaluated
different methods of assessment of CS and its influence on patients with chronic
pain, and have found that the sensitivity to noxious stimuli can be assessed with
quantitative sensory testing (QST) (La Touche et al., 2018). QST is a technique that

allows researchers to test a variety of standardized stimuli such as thermal,



mechanical, electrical, and ischemic pain. QST also allows researchers to predict the
propensity to develop chronic pain, differential sensitivity to treatment effects, and
potential underlying mechanisms of chronic neuropathic pain at the individual level
(Treede, 2019). The protocol developed by the German Research Network on
Neuropathic Pain (DFNS) includes measures of thermal and mechanical detection
threshold, thermal and mechanical pain thresholds, and conditioned pain
modulation (CPM), which assesses dynamic modulation of pain sensitivity and can

aid in determining the presence of CS.

The majority of pain research during the last decade has focused on static pain
parameters of maximum pain tolerance or pain detection threshold; however, the
science, has recently shifted to focus on dynamic parameters (Yarnitsky, 2010) that
better depict a patient’s pain modulation system. Diffuse noxious inhibitory controls
(DNIC) emerged as a method to assess the endogenous pain pathway, as recordings
from dorsal horn neurons are not feasible in human subjects. DNIC is a dynamic test
paradigm, designed to measure the descending pathways, which can be both
facilitatory and inhibitory. CPM is the modern term used to describe psychophysical
paradigms in which a conditioning stimulus is used to effect a test stimulus,
describing the net effect of the endogenous pathways that enhance or diminish the
effects of afferent noxious stimuli (Ramaswamy & Wodehouse, 2021). Impaired
descending pain modulatory pathways are thought to contribute to the

development of central sensitization, and therefore are implicated in chronic pain



conditions. Therefore, CPM has been used in clinical settings to assess pain

modulation in patients that suffer from chronic pain conditions.

In recent literature, CPM has been found to be less efficient in patients suffering
from chronic idiopathic pain syndromes, such as irritable bowel syndrome (IBS)
(Heymen etal., 2010), and temporomandibular disorder (TMD) (King et al., 2009).
The literature on CPM deficiency in patients with CLBP however, is mixed and
inconclusive. Neelapala et al. (2019) conducted a systematic review of the literature
on CPM in CLBP and found that strong conclusions on whether descending pain
inhibition is dysfunctional in CLBP could not be reached. Out of the seven studies
included in the review, three studies reported significant differences in CPM
between patients with CLBP and healthy controls, while four other studies identified
no significant differences. Another study conducted by Gerhardt et al. (2017)
analyzed CPM in patients with nonspecific CLBP and aimed to compare CPM in
patients with different pain extents, either chronic local back pain or chronic
widespread back pain. This study indicates that CPM was much higher in chronic
local back pain than in patients with chronic widespread backpain, and was even
significantly higher than in patients with fibromyalgia, a condition in which CPM has
been well documented (Gerhardt et al., 2017). From the literature, it is clear that
effects on CPM in patients with CLBP are dependent on several factors, and have

been shown to be more individualized than in other chronic pain conditions, and



therefore needs more investigation to fully understand the underlying pain

mechanism.

Biobehavioral Mechanisms that Contribute to CLBP

Individual differences in pain sensitivity and reactivity have been attributed to
genetic and environmental differences, however, the bases of these individual
differences are not entirely understood. The neurophysiological mechanisms that
regulate pain perception have been shown to be influenced by the acute stress
response (Vachon-Presseau et al,, 2013), as seen by individual reactive cortisol
response to noxious thermal stimuli. According to Vachon-Presseau et al.,
individuals with higher reactive cortisol responses experienced increased stress-
induced analgesia by engaging their pain-related inhibitory processes which
reduced activity in certain brain regions. Studies on animals have shown that
experimentally-induced acute stress has an analgesic effect (Bodnar et al., 1980;
Butler & Finn, 2009); however, chronic exposure to these stressors results in
adaptation of the analgesic response. Furthermore, it has also been noted that
exposure to acute psychological stress induces hyperalgesia, not analgesia, in

animals (Jgrum, 1988; Rivat et al., 2007).

Although these animal studies suggest that there may be a hyperalgesic response to
acute psychological stressors, the data on the human response is inconclusive.

Crettaz et al. (2013) conducted a study including 10 female healthy subjects and 13



female patients with fibromyalgia and found that both groups showed stress-
induced enhancement of pain sensitivity in response to thermal stimuli, but only
fibromyalgia patients showed increased sensitivity in response to pressure pain.
This study was intriguing, as they found evidence for differential underlying
mechanisms determining response to stressors in healthy subjects compared to
patients suffering from chronic pain. Geva et al. (2014) conducted a study including
several different pain measurements, including CPM to examine the effect of acute
stress on pain perception in healthy men. They concluded that acute psychosocial
stress does not affect pain sensitivity (Geva et al.,, 2014). Interestingly, though, they
also found that there is a correlation between the magnitude of perceived stress and
CPM deficiency, which points towards a dose-response relation between the

magnitude of stress and pain modulation.

As the literature has shown that acute stress has a potential effect on pain
processing, the relationship between chronic stress and pain sensitivity must also
be explored. There is currently limited evidence for the effect of psychosocial factors
on patients with CLBP, and the studies that have been done are limited. Schofferman
et al,, investigated the effect of childhood psychological trauma; defined as sexual
abuse, physical abuse, emotional neglect, abandonment, and a chemically dependent
caregiver, on chronic refractory low-back pain, and found that multiple childhood
traumas may predispose a person to chronic low back pain. Through a retrospective

chart review, Schofferman et al. found a strong correlation between three or more



childhood psychological traumas and chronic refractory low-back pain; however,
they were not able to state a cause and effect relationship. Another prospective
cohort study, done in Canada, found that the risk of back pain was significantly
higher for people who experienced two or more childhood traumas, compared to
having experienced one (Kopec & Sayre, 2005). Kascakova et al. investigated the
effect of childhood trauma on the development of anxiety and pain conditions in the
Czech Republic, and similar to Kopec and Sayre, found that adults who experienced
more trauma in childhood are at higher risk for developing anxiety with concurrent
pain conditions in adulthood (Kascakova et al., 2020). Interestingly, another group
of researchers conducted a systematic review and meta-analysis on the interplay
between psychological trauma and functional somatic syndrome, including
fibromyalgia, chronic widespread pain, temporomandibular disorder (TMD), and
irritable bowel syndrome (IBS). This meta-analysis found that individuals who
reported exposure to trauma, were 2.7 times more likely to have a functional
somatic syndrome, compared to those who reported no trauma history (Afari et al.,
2014). Afari et al. do however, highlight the limitations of existing literature and
emphasize the important of conducting hypothesis-driven studies of the
mechanisms underlying the link between trauma and functional somatic syndromes,

of which CLBP is a part.



SPECIFIC AIMS

Although the relationship between acute and chronic psychosocial stress and
pain perception has been previously explored, the results have been mixed, and
therefore more investigation is necessary. Moreover, a study that investigates the
effect of both acute and chronic stress of pain sensitivity, through measurement of
CPV, is novel and would significantly add to the current understanding of the
underlying mechanism of pain in patients with CLBP. This current study aims to
examine the impact of acute stress on pain sensitivity in a sample of patients with

CLBP and to assess how a history of childhood trauma may impact this relationship.

To further explore these factors, this current study aims to:
1. Describe the prevalence and type of traumatic childhood events endorsed by
participants.
a. Hypothesis 1: It was hypothesized that the majority of participants
will have experienced some sort of trauma, measured by the CTES.
2. Analyze the baseline CPM effect to investigate how CLBP affects pain
sensitivity
a. Hypothesis 2: It was hypothesized that the population investigated in
this study; those with CLBP, would have impaired CPM, seen by a CPM
effect below 100.
3. Investigate the impact of trauma history on pain sensitivity, measured through

baseline CPM.
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a. Hypothesis 3: It was hypothesized that CLBP patients who
experienced more childhood and recent traumatic events will endorse
greater pain sensitivity at baseline, as seen by impaired CPM.

Investigate the impact of exposure to experimental acute stressors on pain
sensitivity, measured through change in CPM between baseline and post-
stressors.

a. Hypothesis 4: It was hypothesized that CLBP patients exposed to an
experimental acute stress paradigm will endorse greater pain
sensitivity compared to those who are not exposed to the acute
experimental stressor.

Investigate whether a history of childhood traumatic events significantly
interacts with the effect of an acute experimental stressor on CPM.

a. Hypothesis 5: [t was hypothesized that acute stress will significantly
interact with a history of childhood traumatic events to result in

greater pain sensitivity, as seen by impaired CPM effect.



11

METHODS

Participant Selection and Recruitment

Potential participants were recruited from the Partner’s Healthcare Clinical Trials
website, where participants were provided study information, eligibility criteria,
and compensation information. Eligible participants expressed interest for
participation through the Partner’s Healthcare Clinical Trials website, where they
provided their name and contact information. Participants were also recruited via
word of mouth and sharing of the Partner’s Healthcare Clinical Trials website on

social media (i.e. Facebook, Twitter, and Instagram).

Participants who met the following eligibility criteria were recruited to participate
in this study.

- Proficiency in English and the ability to complete questionaries given during
the study visit

- Aged 18 to 65 years old

- Self-reported chronic lower back pain (at least 3 months) with an average
pain rating of 4 on a scale from 0-10.

- No co-morbid medical and/or pain conditions (e.g. cancer, sickle-cell disease,

fibromyalgia, pregnancy)

Once participants expressed interest in involvement, study personnel contacted
potential participants via a phone call or email to confirm eligibility and schedule

the study visit.
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Study Visit Procedure Overview

Upon arrival to the laboratory, participants were escorted to a private room where
they reviewed all consent procedures with study personnel. Once consent was
obtained, participants underwent a baseline QST battery, described below, before
completing a series of questionnaires on their emotional state at four different time
points throughout the protocol. After completion of baseline QST and

questionnaires, participants were randomly assigned to two groups:

1. High-Stress Group - Completed the Stroop Test and Mental Arithmetic Task,
explained below, before continuing to undergo the QST battery.

2. Control Group - The control group was not exposed to any acute stressors.
Instead, they had a 20 minute waiting period prior to repeating the QST

protocol.

At the end of the study, all participants were debriefed and received compensation

for their time and effort.

Adjective Ratings

Participants were asked to rate their emotional state at four different time points
throughout the study protocol. They were asked to rate each emotion, out of a list of
four different emotions, on a scale from 0 - 10. (0 = Not at all, 10 = Extremely). The
emotions participants were asked to rate were the following:

1. Stress
2. Calmness



(A) High Stress Condition

Second QST

Third QST
-Repeated Probe -CPM
-Pressure Pain -Pressure Cuff
Threshold -Cold Pressor
-Pressure Pain Test
Tolerance -Light Touch
Experimental ~Thermal Pain Experimental Additional
Condition Condition Measures
Stroop test Mental Arithmetic (CTES + RTES)
Task
Baseline QST
A A
. Final
Baseline Post QST1 Pre QST2 Adjectives
Adjectives Adjectives Adjectives
(B) Control Condition

l 20 min Break l

Baseline QST

Second QST

Additional Measures

CTES + RTES)
A S
Pre QST2 Post QST1 Pre QST2 Final
Adjectives Adjectives Adjectives

Adjectives

Figure 1. Overview of Research Study Protocol

This figure outlines an overview of the research study visit, including all rounds of

13

QST and questionnaires given to participants during the study visit. (A) The protocol

that the High Stress Condition participants underwent. (B) The protocol that the
control participants (no acute stressor) underwent.

Baseline QST Procedure

The QST protocol followed in this study was based off of the comprehensive
standardized protocol developed by the German Research Network on Neuropathic

Pain (DFNS) (Rolke et al., 2006). This QST protocol was developed as a battery of
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tests to quantify functioning of individual’s somatosensory nervous system. In the
baseline QST protocol followed in this study, participants underwent the following

battery:

(1) Light Touch Detection

The light touch test is a simple way of screening for sensation abnormalities. For
this task, A von Frey monofilament kit, consisting of monofilaments of increased
diameter, was used. The monofilaments expert a constant force as the monofilament
bends, and participants were asked to endorse whether or not they felt the
monofilament. The light touch detection threshold was defined as the minimum

monofilament diameter that resulted in sensation.

(2) Pressure Pain Sensation

Pressure algometry is the most commonly used for static mechanical pressure
sensation in clinical research. In this protocol, an electronic pressure algometer was
used to deliver firm and quantifiable pressure on participants’ thumb joint and
trapezius. The algometer was used to apply increasing pressure to the test site, until
a maximum pain threshold was reached. Participants were asked to tell study
personnel when they could no longer tolerate the pain, and the pressure and pain

rating (on a scale of 0-100) at that point in time was recorded.
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(3) Temporal Summation (Wind-Up Pain Perception)

Temporal summation, also referred to as wind-up pain perception, is used as an
index of central pain-faciliatory processes. For this test, punctate mechanical
stimulation was applied to the participants’ finger at a frequency of 1Hz. Ten stimuli
were applied at the same site, and participants were asked to rate the pain sensation
from the first, fifth, and tenth stimuli. The wind-up phenomenon occurs with
progressive increased pain with repeated stimulation, and can serve as an index for

central sensitization.

(4) Thermal Quantitative Sensory Testing

Thermal pain responses are commonly used methods of pain induction in the
laboratory, and were used in the baseline QST battery of this protocol. Heat pain
responses were assessed using a contact thermode that delivered contact heat,
using a computer-controlled system (Medoc). The contact thermode was positioned
on the skin of the forearm, and delivered gradually increasing heat. Participants
were asked to push a button as soon as the sensation became painful, which caused
the temperature to stop increasing, and the thermode returned to a baseline
temperature of 32°C. This maximum temperature was recorded as the “heat pain

threshold”.

Cold pain responses were assessed using the cold pressor task (CPT), which

involves the immersion of the dominant hand in a circulating water bath maintained
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at a temperature of 4°C. Participants were asked to leave their hand immersed in
the cold water until they could no longer tolerate the pain, or a maximum of three
minutes. During this time, study personal asked participants to provide a pain rating

from 0-100 at fifteen second intervals.

(5) Conditioned Pain Modulation (CPM)

CPM refers to the phenomenon of one noxious stimulus inhibiting the pain
perception of a second noxious stimulus. To assess CPM in this protocol, pressure
pain threshold (PPT) was first assessed at the trapezius using the pressure
algometer. To assess PPT, study personnel used an electronic pressure algometer
that delivered constant quantifiable pressure. The participant was asked to push a
button that ended the test when the sensation became painful. The specified

pressure was recorded as the participant’s baseline PPT.

Once the baseline PPT was found, participants underwent two brief cold pressor
tasks where they were asked to immerse their hand in circulating cold water (4°C)
for sixty seconds, or until the pain become intolerable. Fifteen seconds after the
hand was first immersed in the water bath, PPT was assessed at the trapezius again
while the participant’s hand remained in the cold water. Participants underwent

two trials to assess their CPM.
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The CPM effect is defined as the average change in PPT from baseline while the
participant is also experiencing a noxious cold stimulus from the water bath. For
this study, CPM was calculated as the percent difference in PPT between the
baseline PPT measurement and the threshold found while the participant’s hand

was in the water bath, using the following formula:

PPT on trapezius during cold water immersion
CPM = - . *100%
PPT on trapezius at baseline

CPM values above 100 are considered “good CPM”, indicating that the pain
threshold increased when exposed to the conditioning stimulus: the cold water bath,

and the higher the values of CPM, the better.

Acute Psychosocial Stressors
Once participants completed the baseline QST battery, they were exposed to the
following acute stressors:

(1) The Stroop Color and Word Test (SCWT) (Stroop, 1936)
The SCWT is a neuropsychological test that assesses the ability to inhibit cognitive

interference, which occurs when the processing of one stimulus features interferes
with the processing of another feature. SCWT requires participants to read three
different tables as quickly as possible, two of which represent the “congruous

condition” in which participants read names of colors printed in black ink and name
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different color patches. In the third table, the “incongruent condition”, color words
are printed in inconsistent ink and participants were asked to name the color of the
ink instead of reading the word. For example, the word “green” is printed in red ink,

and participants must verbally respond “red” in this task.

In the incongruent condition, participants must perform a less automated task
(naming the ink color) while inhibiting the interference from a more automated task
(reading the word), and the difficulty in inhibiting the more automated process is
called the “Stroop effect” (Scarpina & Tagini, 2017). Heart rate has been shown to
increase throughout the Stroop Test, which indicates that it could be an effective
simulated stressors (Renaud & Blondin, 1997), and was therefore used in as a
stressor in the high-Stress condition of our experimental protocol. Once the SCWT

was completed, participants continued onto the second block of QST.

(2) Mental Arithmetic Task

The mental arithmetic task performed in the high-stress experimental condition of
the protocol was shown to increase heartrate and serve as an effective laboratory
stressor (Liao & Carey, 2015). This task required participants to count backwards
by 7’s from 978 as fast as they could, without errors. Once the mental arithmetic

task was completed, participants continued onto the third block of QST.
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QST Performed After Exposure to Acute Stressors

The entire QST battery was repeated after exposure to acute stressors, however the
battery was split up into two parts: one directly after the SCWT, and one after the
mental arithmetic task, as outlined in Figure 1. The following analysis focused
solely on CPM, as described above, because as stated previously, CPM is a good
clinical method of analyzing central sensitization and can shed light on differences

in dynamic pain responses.

Measures Completed After Experimental Condition and Second QST

(1) Childhood and Recent Traumatic Events Scales (CTES and RTES) (Pennebaker &

Susman, 1988)

The Childhood Traumatic Events Scale (CTES) is commonly used to assess the
presence and individual impact of childhood trauma. The questionnaire measures 6
stressful early life events that occurred prior to the age of 17, including death of a
family member or close friend, parental divorce, traumatic sexual experiences (e.g.
rape, sexual assault), traumatic violent experiences (e.g. child abuse, assault),
history of serious, or other events that could have disrupted a child’s early life. The
Recent Traumatic Events Scale (RTES) is similar to CTES, however it measures 7
possibly traumatic events that occurred in the past 3 years. RTES measures
separation/divorce from a spouse or significant other instead of parental

separation, and adds in a new measure of job changes. While participants completed
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this measure, the current project mainly focused on traumatic events that occurred

during childhood.

CTES and RTES asks participants to report whether or not they experienced certain
types of trauma and asks them to rate the severity of each of those traumas they
endorsed on a scale of 0-7 (0 = no exposure, 1 = not at all traumatic, 4 = somewhat
traumatic, 7 = extremely traumatic). Additionally, participants are asked to endorse
whether or not they confided in other people after the event occurred, on a scale of

0-7 (7 = a great deal).

The CTES and RTES questionnaires were administered after the experimental
condition and final QST measure in order to prevent bringing up potentially

stressful childhood memories that could interfere with the sensory testing.

Data Analysis

All of the following analyses were carried out using IBM SPSS version 27.0.1. The
data set was deidentified and only accessible to approved study personnel.
Descriptive statistics were run to characterize the sample based on age, gender,
ethnicity, and race, and independent measures t-tests were run to ensure there
were no statistically significant differences in participants in the different stress

conditions. The Kolmogorov-Smirnov test was also run to test assumptions of
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normality in order to proceed with the following statistical analyses to examine the

effect of acute stressors and a history of childhood trauma on CPM.

For the purposes of this analysis, the CTES questionnaire was scored in various
ways. Participants were grouped into those that reported any number greater than
1 childhood traumatic event (Trauma group) and those that did not report any
childhood traumatic events (No Trauma). Participants in the trauma group were
further separated into a more specific trauma group (Violent Trauma), that included
participants that experienced violent traumas; defined as sexual or violent physical
trauma in childhood and participants that did not experience violent traumas but

were grouped into the No Violent Trauma group.

Continuous scoring variables were created for the CTES assessment, in which the
sum of trauma severity scores across all 6 stressful early life events (CTES) and 6
recent life events (RTES) was calculated. Higher scores indicated higher self-
reported trauma experience. Additionally, another continuous scoring variable was
created to assess the total number of violent traumas experienced in the 6 early life

events.

Independent samples t-tests were conducted to assess variance in baseline CPM
scores between groups (i.e. Violent Trauma and No Violent Trauma groups), and

independent samples t-tests were also used to compare other categorical and
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continuous variables within the study, utilizing a 95% confidence interval each time.
A Pearson’s Correlation was also conducted to assess the continuous variables
created for CTES to assess the impact the number of traumas could have on baseline
CPM. Additionally, a mixed repeated-measures ANOVA (Analysis of Variance) was
conducted to investigate the impact of an acute stressor on the CPM effect for each
participant. Finally, the impact of trauma history on change in CPM effect after acute
stressor exposure was investigated by finding the change in CPM effect and then

using a Pearson’s correlation.
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RESULTS
Prior to proceeding with the following statistical analyses, the 2 groups (Stress vs.
No Stress) were tested for the assumption of normality using the Kolmogorov-
Smirnov test. There was no statistically significant difference found in either group
(No Stress: D(25) = 0.128, p=0.2, Stress: D(22) = 0.178, p=0.067), indicating that the

assumption that the groups follow a normal distribution can be followed.

Participant Demographics

Of the total number of participants that were contacted for this study, 54
participants with CLBP came in and participated in the complete battery of QST and
responded to the CTES questionnaires. The participant’s ages ranged from 22-64,
with a mean age of 49 years old (SD=14.71) for the entire sample. The self-identified
gender frequency was explored, and the majority of the sample identified as female
(55.3%). The majority of participants in the study identified as not Hispanic or
Latino (91.5%), however, there was some diversity with 6.4% of participants
identifying as being Hispanic or Latino. Our study sample did however, have an
inclusive distribution of self-reported race when compared to the racial distribution

in the entire population of the US reported by the US Censes, as seen in Figure 2.

Table 1 describes the demographic characteristics analyzed above, separated by the
stress condition grouping variable used for all further analyses. As seen in Table 1,

the mean age of the No Stress group was 50.4, whereas the mean age of the Stress
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group was 46.3. When a t-test was conducted to compare the ages between the two
groups, there was no significant difference, indicating that there is no significant

difference in mean age between the two groups.

Prefer PERCENTAGE PERCENTAGE

not to
answer WITHIN STUDY Amer.lcan TOTAL IN US
204 Indian

1%

Asian :
6% African-

American
or Black -
14%

Other :
4% Afrlc.an-
‘ American
or Black

19%

Caucasian
75%

Caucasian
79%

Figure 2. Distribution of Race in the Study Sample Compared to the Total US

Population
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Table 1. Demographic Characteristics of Chronic Lower Back Pain Participants

Baseline Characteristics No Stress Stress Entire
Condition Condition Sample
n % n % n %
Self-Identified Gender
Female 13 52 13 59.1 26 55.3
Male 12 48 9 409 21 44.7
Ethnicity
Hispanic or Latino 1 4 2 9.1 3 6.4
Not Hispanic or Latino 23 92 20 90.9 43 91.5
Prefer not to answer 1 4 0 0 1 2.1
Race
African-American or 3 12 6 27.3 9 19.1
Black
Caucasian 20 80 15 68.2 35 74.5
Other 1 1 4.5 2 4.3
Prefer not to answer 1 4 0 0 1 2.1
Age
Range 23-65 22 -64 22 -65
Mean 50.40 46.29 48.52
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Participant Trauma History
Aim 1: Describe the prevalence and type of traumatic childhood events endorsed by

participants.

Tables 2 and 3 described the trauma history of the cohort of participants in this
study, separated by stress condition. As described previously, participants were
grouped based on their experience of trauma (both CTES and RTES), and then those
participants that experienced trauma were further divided based on their
experience with violent trauma; defined as sexual or violent physical trauma. As
seen in Table 2, the majority of participants in the no stress condition (88%)
endorsed experiencing some type of trauma either in childhood or recently, and all
of the participants that completed the CTES/RTES questionnaires endorsed some
type of trauma in the stress condition. In both the no stress and stress conditions, 1
participant did not complete the CTES and RTES questionnaires due to their own
comfort level. In the no stress condition, 48% of participants endorsed experiencing
violent traumas and 48% of participants endorsed experiencing no violent traumas.
In the stress condition, only 27.3% of participants endorsed no violent trauma
history, and 68.2% of participants endorsed experiencing violent trauma. When an
independent t-test was run, however, there was no statistically significant difference

found in the trauma history between the no stress and stress condition groups.
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Table 3 outlines the range, mean, and standard deviation of the traumas endorsed in

the CTES and RTES questionnaires. There were no statistically significant

differences found in trauma history between the stress and no stress groups, when

an independent t-test was run for each variable.

Table 2. Trauma Grouping Based on CTES and RTES Scores

No Stress Condition

Stress Condition

Trauma Group

No Trauma

Trauma

Missing
Violent
Trauma

No

Yes

Missing

n % n %

2 8 0 0

22 88 21 95.5
1 4 1 4.5
12 48 6 27.3
12 48 15 68.2
1 4 1 4.5
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Table 3. Childhood and Recent Traumatic History for Chronic Lower Back Pain

Participants
No Stress Condition Stress Condition

Range  Mean STD Range Mean STD
Total CTES Trauma Score 4 -33 16.84 9.11 4-33 13.75 8.14
(0-42)
Total RTES Trauma Score 4 -32 1284 7.78 3-35 13.05 8.67
(0-42)
Total Number of Traumas 0-9 421 2.78 1-9 471 2.26
(0-12)
Total Number of Violent 0-3 0.83 1.05 0-3 1.14 0.96

Traumas (0-4)

Participant Baseline CPM Effect

Aim 2: Analyze the baseline CPM effect, to see how CLBP affect pain sensitivity

Participants in the population of this experiment were all patients with CLBP, with
varying degrees of functional disability. Their baseline CPM was assessed prior to
exposure to any experimental stressors, and the mean CPM effect at baseline was
found to be 141.60 (Min = 69.58, Max=251.28, SD=36.49). There were only 3
participants that had a baseline CPM below 100 (and below 130) in the population

tested.
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Table 4. Frequency of Participants with Good Baseline CPM

Baseline CPM Above 100 Baseline CPM Above 130

n % n %
No 3 6.7 3 6.7
Yes 44 93.6 44 93.6

How Trauma History Affects Pain Sensitivity at Baseline
Aim 3: Investigate the impact of violent and non-violent trauma history on pain

sensitivity, measured through baseline CPM.

To investigate the first aim of this study, baseline CPM in the participants prior to
exposure to experimental acute stressors was analyzed, as seen in tables 4 and 5,
using the categorical variables created for trauma groups. There was no statistically
significant difference in the CPM effect between participants who endorsed trauma
vs. those that endorsed no trauma (t(43) = 1.11, p = 0.273), although the
participants in the trauma group had a higher mean average CPM at baseline
(M=144.19, SD=37.04) compared to those in the no trauma group (M= 114.75,
SD=12.58). Then, participants who endorsed experiencing violent trauma vs. non-
violent traumas were analyzed as well. Similarly, there was no statistically
significant difference in baseline CPM between participants that experienced violent

trauma compared to those that did not (t(43) =0.77, p = 0.488).
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Table 5. Baseline CPM Effect in Participants Split by Trauma Group

No Trauma Group Trauma Group

n Range Mean STD n Range  Mean STD
Average 2 105.86 11475 1258 43 69.57 144.19 37.04

Baseline - -
CPM 123.65 251.28
Effect

Table 6. Baseline CPM Effect in Participants Split by Violent Trauma Group

No Violent Trauma Group Violent Trauma Group

n Range Mean STD n Range  Mean  STD
Average 18 10586 138.15 2466 27 69.58 146.03 43.15
Baseline - -
CPM 189.85 251.28
Effect

To analyze childhood traumatic experiences in a different way, the continuous
variables of total CTES trauma scores and the total number of violent trauma scores
were used as well. When a Pearson’s correlation was run to investigate whether
childhood traumatic history correlated with baseline CPM, it was found that there

was no significant correlation, as reported in Table 6.
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Table 7. Pearson Correlation for Childhood Trauma History on Baseline CPM

n Pearson Significance (2-
Correlation tailed)
Sum of traumas (CTES) 45 0.057 0.709
Sum of all trauma 39 -0.114 0.489
severity scores (CTES)
Number of violent 45 0.042 0.782

traumas (CTES)

How Exposure to Acute Stress Affects Pain Sensitivity
Aim 4: Investigate the impact of exposure to experimental acute stressors and a
history of childhood trauma on pain sensitivity, measured through change in CPM

between baseline and post-stressors.

To investigate how the CPM effect changes after exposure to an acute experimental
stressor, a mixed repeated measures ANOVA (Analysis of Variance) was used. The
descriptive statistics are laid out in Table 8, which shows the mean and standard

deviation of the CPM % Change during each round of QST.

The mixed repeated measures ANOVA revealed that there was no statistically
significant difference found between the stress and no stress conditions (F(1,1) =
1.215, p = 0.277), although as seen in Table 8 and Figure 3 there was a decrease in
mean CPM effect after exposure to an acute experimental stressor (QST1: M=152.46,

SD=30.98, QST2: M=143.96, SD=30.80), compared to those in the control condition
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(QST1: M=132.95, SD=39.70, QST2: M=131.02, SD=26.31). From Tables 8 and 9 and
Figure 3, it can be seen that the mean CPM change is negative, indicating that
participants under stress had inefficient pain modulation, and had a higher pain

sensitivity when under stress.

Table 8. CPM Effect in Participants Split by Stress Condition

No Stress Condition Stress Condition

n Mean STD n Mean STD

CPM % Change During QST1 24  132.95 39.70 21 15246 30.98

CPM % Change during QST2 131.02 26.31 143.96 30.80
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Figure 3. CPM Effect during Baseline QST and QST2 in Participants Split by

Stress Condition

How Trauma History Interacts with the Acute Stressor Effect on CPM
Aim 5: Investigate whether a history of childhood traumatic events significantly

interacts with the effect of an acute experimental stressor on CPM.

To look at the change in CPM between baseline and after exposure to the acute
experimental stressors, a continuous variable called “Absolute CPM Change” was

calculated, by taking the difference between the average % change in CPM during
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baseline and QST2. The range, mean, and standard deviation for CPM change are

reported in Table 8.

Then, to investigate the effect of childhood traumatic experiences on the CPM
change, a Pearson correlation was run to investigate whether a history of trauma
correlated with the change in CPM observed after acute stressor exposure. To
investigate this, we used the continuous variable described above for the total
number of traumas experienced (both CTES and RTES). Similarly to above, there
was no statistically significant correlation between the trauma experienced and the
change in CPM after exposure to the SCWT and mental arithmetic task (No Stress

Condition: r(24)=-0.097, p=0.66, Stress Condition: r(21)= 0.187, p=0.417).

Table 9. CPM Change for Participants Split by Stress Condition

No Stress Condition Stress Condition

n Range Mean STD n Range Mean STD

Absolute CPM Change 24 -9837 -1.94 3305 21 -68.65 -850 30.04

61.42 43.59
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DISCUSSION
This study aimed to add to existing literature and to further the current
understanding of the neurophysiological processes contributing to chronic back
pain by assessing centralized pain mechanisms in a population of participants
suffering from CLBP. It is well understood, though, that individual differences in
CLBP can be attributed to genetic and environmental differences, and therefore
these biobehavioral factors were also investigated in this study. To investigate the
highly individualized experiences of CLBP, this study also aimed to understand the
effect of acute and chronic stress on pain sensitivity, by investigating the effect

childhood and recent traumatic events on pain modulation.

This particular study focused on the CPM effect in a population of adults with CLBP
to investigate the effect of traumatic experiences on the CNS. As seen in previous
studies, there was no clear understanding on the affect CLBP had on CPM, and much
less understanding on the impact childhood traumatic experiences have on pain
sensitivity in people with chronic pain. Although many results were not statistically
significant, this pilot study elucidated the need to further investigate the impact of

trauma history on CPM in a population of patients with CLBP.

Interestingly, this study revealed that the majority of the population in this cohort
(93.6%) do not experience impaired CPM at baseline, although they suffer from

CLBP. There are several possible explanations for this observation, the most striking
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being that all of the participants were recruited from a pain treatment center, and
the treatment they had previously received could have improved their functionality
and helped their pain modulation. Another possible explanation, which should be
investigated further, is that participants in this cohort could have been highly
functional and not as debilitated by CLBP as those in other studies. As this study
required participants to come into the lab for sensory testing, it is highly probable
that the majority of participants that came in for the study were somewhat

functional and were able to care for themselves.

As hypothesized, the investigation on whether exposure to an acute experimental
stressor affects pain sensitivity, led to the finding that exposure to an acute stressor
had a negative effect on CPM. A negative effect on CPM means that participants were
more sensitive to pain and there was less of a descending inhibitory effect when
simultaneously exposed to another painful stimuli, compared to baseline. Although
this finding was not statistically significant, it is evident from Table 8 and Figure 9
that there was a decrease in CPM effect in participants in the stress condition, which

should be explored in a larger sample.

Although there was no statistically significant correlation found for childhood and
recent traumatic history affecting baseline CPV, it would be interesting to
investigate this further. Schofferman et al., hypothesize that insecure or disrupted

early attachment in relationships leaves children with increased psychological
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vulnerability to chronic pain, and sexual, physical, and emotional abuse all violate
the basic security and comfort the attachment figure must provide. Logically, then
more childhood abuse would leave an adult more vulnerable to risk of chronic pain.
This effect is not seen in this study, however. It would also be interesting to further
investigate trauma history based on type of trauma, similar to how violent and non-
violent traumas were investigated in this study. It could also be important to ask
participants about their trauma experiences, how they believe the trauma has
affected their life, and how they have coped with this trauma, for qualitative
analysis. This study did not ask participants whether or not they sought out
professional help after violent traumas, and this could be an important factor to
consider when assessing the impact of specific childhood traumas on participants in

adulthood.

Clinical Implications

As seen in Table 4, the majority (93%) of participants suffering from CLBP in this
study did not experience impaired CPM, as was expected based on previous
literature on CLBP, fibromyalgia, and other chronic pain conditions. Although this
needs to be studied further in a larger patient population, it is important to consider
clinically. It is also important to consider that CLBP may have a different pain
mechanism compared to other common chronic pain conditions, and therefore the

management and treatment of CLBP should also be different in clinical settings.
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As stated above, there is an evident effect of acute stressors on pain sensitivity and
pain modulation, as seen by impaired CPM after acute experimental stress exposure.
This finding could be important to consider clinically, as patients who suffer from
chronic pain conditions could benefit from counselling and learning coping skills for
stressful life events, especially since living with a chronic pain condition is stressful

in itself.

Limitations

Although the study sample was inclusive in terms of race when compared to the
racial distribution in the US, the sample size was quite small, especially when split
into stress conditions. Additionally, the sample size consists of an older population,
with a mean age of 49. Although understandable because this study investigated
CLBP, which is more common in the older population, future studies should be
mindful of this when comparing to a healthy population. Additionally, in future
studies it could be important to control for functional disability when assessing
participants with CLBP, as many participants could be relatively functional while
others could be relatively disabled and it is important to make a distinction between

them.
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CTES and RTES measures used in this investigation are helpful tools for childhood
and recent traumatic history, however, they are self-report measures and are
therefore far from perfect. The possibility that participants choose not to report
trauma they experienced remains high, even though the reports are anonymous.
Additionally, some memories of adverse events could have been repressed and not
reported on CTES or RTES. Self-report measures are also incredibly subjective, and
some participants who experienced more severe events could have endorsed some
adverse events as not being traumatic, while other participants would have
endorsed them as traumatic. While still important, the subjectivity is also what is
being analyzed here as how impactful a specific event was to each individual
participant is what would affect their pain modulation and not how an average

individual would rate each trauma.

When analyzing the adjective ratings of participants before and after exposure to
the acute experimental stressors, we noticed that most participants did not rate
being any more stressed than at baseline. This is another limitation in the study, as
to ultimately induce experimental stress we need to ensure that the tasks are being
endorsed as stressful to participant. Again, these adjective ratings were self-report
measures and are not perfect as some participants could have not wanted to admit

that the SCWT and the mental arithmetic task were causing them stress.
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Finally, CPM only measures one pathway of the descending inhibitory system and
should be used in conjunction with other measures, such as offset

analgesia(Shulman et al., 2020).

Future Directions

This study provided preliminary data that can be analyzed to understand the
relationship between acute and chronic stress on pain sensitivity, specifically on
CPM. Future studies, however, should include more participants in each stress
condition, and should compare participant with CLBP to a population without
chronic pain conditions. It would also be interesting to investigate whether previous
treatments, separated by type of treatment, and whether the amount of time a
participant suffers from the chronic pain condition affects their baseline CPM.
Similarly, it would be interesting to investigate other demographic factors that could
affect one’s response to pain modulation, such as mental health history, gender

identity/biological sex, and education level.
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CONCLUSION
Ultimately, this study found that exposure to an acute stressor had a negative effect
on CPV, indicating that when under experimental stress participants were more
sensitive to pain compared to when they were not under stress, although the
findings were not statistically significant. Additionally, it was interesting that most
participants with CLBP experienced a good CPM response at baseline, and this
finding should be investigated further to broaden the understanding of the
neurophysiological mechanisms underlying CLBP, as this finding was contrary to
our expectations based on prior research. Future research with a greater sample
size and a comparison to a population without chronic pain could strengthen these
findings and elaborate on the effect of CLBP on pain sensitivity. Further research
must also be done to understand the effect of chronic stress, specifically trauma

history, on pain modulation as well.
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